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(57) ABSTRACT 

An optically anisotropic film obtained from a mixture com 
prising a polymer and a liquid crystal compound, wherein 
retardation of the optically anisotropic film at 80 C., 60° C. 
or 0° C. measured from a normal direction is 20-97%, 
20–99% or 101-150%, respectively, of retardation at 30°C., 
and an absolute value of a deviation in retardation by Said 
liquid crystal compound is not greater than 6% when the 
optically anisotropic film is held at 30% for 200 hours, has 
the temperature dependence in accordance with the tem 
perature dependence of retardation of a liquid crystal display 
cell, and a Small variation of retardation by the liquid crystal 
compound with the lapse of time, and thus is Suitable for use 
in a liquid crystal display apparatus. 

12 Claims, No Drawings 
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OPTICALLY ANISOTROPIC FILM, METHOD 
OF MANUFACTURING THE SAME, AND 
LIQUID CRYSTAL DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to an optically anisotropic 
film used for Super twisted nematic (STN) type or electric 
field-controlled birefringence (ECB) type liquid crystal dis 
plays and the like, a proceSS for the production thereof, and 
a liquid crystal display device using Said film. 
A retardation film can be obtained by uniaxially stretching 

a transparent thermoplastic polymer film and is used as an 
optical compensator (color compensator) to compensate for 
tinting in especially STN type or ECB type liquid crystal 
displays to improve their display performance. The liquid 
crystal display devices using Such retardation films have 
advantages Such as light weight, Small thickness and low 
COSt. 

Recently, the opportunity of use of liquid crystal devices 
under a high-temperature condition has increased. For 
instance, they are adapted in a car navigation System which 
is Set in an automobile for providing a visual geographical 
information and is gaining popularity among motorists. 

Request is rising for application of relatively inexpensive 
STN type liquid crystal display to such a use. However, use 
of Such a liquid crystal display under a high temperature 
condition involves a problem of reduced display perfor 
mance because of difference in retardation between the STN 
liquid crystal cell and the retardation film at high tempera 
tureS. 

Further, with enlargement of image area of the STN type 
liquid crystal displays, a problem has arisen in that the 
temperature in the liquid crystal cell may become non 
uniform due to heat conducting from the fluorescent tube 
used for backlight, resulting in different display performance 
in an image area. 

Nevertheless, there is not yet available any optically 
anisotropic films which can meet both requirements for 
display quality and viewing angle characteristics when used 
in an environment which may be exposed to high 
temperatures, Such as the interior of an automobile. 

The reduction of display performance of the liquid crystal 
display devices at high temperatures may be attributed to the 
fact that generally the alignment of the liquid crystal mol 
ecules or polymer is relaxed as the ambient temperature 
rises. In this case, the degree of alignment relaxation of the 
low-molecular weight liquid crystal material used for the 
liquid crystal cell becomes higher than that of the polymer 
used for a retardation film, resulting in a greater change of 
retardation, So that the retardations in Said two members, 
which has been Set to be optimized at room temperature, 
deviates from the optimal level under high temperatures, 
resulting in imperfect color compensation of the liquid 
crystal cell and thus causing tinting and other problems 
leading to a reduction of the display performance. Thus, an 
optically anisotropic film which allows variation of retarda 
tion in conformity to the change of birefringence of the 
liquid crystal cell with temperature has been required. 

Various types of optically anisotropic films using a liquid 
crystalline material have been proposed. 

JP-A-3-291601 discloses a process for producing a retar 
dation film, wherein in order to obtain a large-area and 
uniform retardation film, a Solution having dissolved therein 
a liquid crystalline polymer Substantially comprising a poly 
ester having the ortho-Substituted aromatic Structural units is 
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2 
applied on a Substrate having a known alignment film and 
Subjected to a heat treatment to effect horizontal alignment. 
The optical retardation in a retardation film is given as the 

product And of the refractive anisotropy of the film material 
(An) and the film thickness (d). In a retardation film in which 
only those of the liquid crystalline polymer molecules 
having large anisotropy of refractive indeX have been hori 
Zontally aligned, it needs to control the liquid crystalline 
polymer film thickneSS very precisely for obtaining uniform 
retardation throughout the film. This is, however, difficult 
and impractical in industrial production. 
JP-T 4-500284 discloses a retardation film having the 

Same temperature dependence and wavelength dependence 
as the liquid crystal molecules used in the liquid crystal cell, 
Saod film comprising a side-chain type liquid crystal poly 
mer having a linear or cyclic backbone. It is, however, 
difficult to make highly precise control of thickness of a film 
made of a Side-chain type liquid crystal polymer with large 
anisotropy of refractive index. 
JP-A-5-257013 discloses a retardation film obtained by 

dispersing liquid crystal molecules in a polymer film and 
stretching this film. But this reference is silent on what 
combination of liquid crystal compound and polymer with 
provide the desired effect. 
The optically anisotropic films disclosed in the above 

references are indeed effective for reducing viewing angle 
dependence, but Since Stretched films of polymers having a 
high glass transition temperature are used, the change of 
retardation with temperature is very limited and insufficient 
for compensating temperature dependence of birefringence 
of the liquid crystal cell. 

In the case of the films using a polymer liquid crystal, 
Since the polymer liquid crystal is first aligned and then its 
alignment is fixed by cooling, it is necessary to use a 
polymer liquid crystal whose transition temperature from the 
liquid crystal phase to the glass phase is well higher than 
room temperature. However, Since the glass transition tem 
perature of crystallization temperature of the liquid crystal 
used in the liquid crystal cell is below room temperature, the 
temperature compensating effect is unsatisfactory. 

JP-A-8-190094 discloses an optically anisotropic film 
mainly comprising a mixture of a transparent or Semi 
transparent polymer and a liquid crystal compound, wherein 
retardation of the optically anisotropic film at 80° C. is 20% 
to 97% of retardation at 30° C., and the content of the liquid 
crystal compound is 0.5% to 50% by weight based on the 
total weight of the liquid crystal compound and the polymer. 
It is also described that the liquid crystal compound may be 
a copolymer of liquid crystal oligomers having different 
Side-chains. 

Examples of liquid crystalline compounds which can be 
used in temperature controlled optically anisotropic films are 
liquid crystalline polysiloxanes. The properties of Such 
polysiloxanes are described in the literature (e.g. C. Burger 
and F. H. Kreuzer, “Polysiloxanes and Polymer Containing 
Siloxane Groups” in “Silicon in Polymer Synthesis”, Ed. H. 
R. Kricheldorf, Springer-Verlag, Berlin, Heidelberg, 1996, 
and references cited therein). It is known from a work of G. 
-P. Chang Chien et al. (J. Polym. Sci. A., 1993, 31, 
2432-2436) that 4-(2-propenyloxy)benzoic acid 4 
(methoxycarbonyl)phenylester or 4-(2-propenyloxy) 
benzoic acid 4-(butoxycarbonyl)phenylester attached by a 
hydrosilylation reaction to a polysiloxane with a chain 
length of 35 units result in polymers with liquid crystalline 
phase, although the monomers are crystalline compounds. 
No application for Such polymerS is proposed in the work 

of Chien et al. For the purpose of the present invention, the 
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polymers published in this work are not applicable, because 
their Viscosity is too high due to their high molecular weight, 
the glass transition temperature of the polysiloxane with side 
groups of 4-(2-propylenoxy)benzoic acid 4 
(methoxycarbonyl)phenylester is too high and the isotropic 
transition of the polysiloxane with side groups of 4-(2- 
propylenoxy)benzoic acid 4-(butoxycarbonyl)phenylester 
is too low. 

BRIEF SUMMARY OF THE INVENTION 

An object of the present invention is thus to provide an 
optically anisotropic film, which keeps the temperature 
dependence of the optical retardation that can respond to the 
temperature dependence of the retardation And of a liquid 
crystal display cell and has a little variation of retardation by 
a liquid crystal compound with the lapse of time at a 
constant temperature, a method of manufacturing Such an 
optically anisotropic film and a liquid crystal display appa 
ratus of excellent display properties using Such an optically 
anisotropic film, a liquid crystalline copolymer, and a 
mesogenic compound which can be used as a starting 
material of Said liquid crystalline copolymer. 

The present invention provides a transparent or Semi 
transparent optically anisotropic film obtained from a mix 
ture comprising at least a polymer and a liquid crystal 
compound, wherein (a) retardation of said optically aniso 
tropic film at 80 C. measured from a normal direction is 
20% to 97% of retardation at 30° C., or (b) retardation of 
said optically anisotropic film at 60° C. measured from a 
normal direction is 20% to 99% of retardation at 30° C., or 
(c) retardation of said optically anisotropic film at 0° C. 
measured from a normal direction is 101% to 150% of 
retardation at 30° C., and an absolute value of a variation in 
retardation by Said liquid crystal compound is not greater 
than 6% when said optically anisotropic film is held at 30 
C. for 200 hours, Said retardation being measured at a 
wavelength of 546 nm. 

The present invention also provides a method of manu 
facturing the optically anisotropic film mentioned above, 
which comprises molding a mixture of Said polymer and 
Said liquid crystal compound into a film, and Stretching the 
film upon heating. 

The present invention further provides a liquid crystal 
display apparatus using the optically anisotropic film men 
tioned above. 

The present invention still further provide a liquid crys 
talline copolymer comprising recurring units of the formulae 
(6), (7) and (8) with the numbers n, n, and ns of the 
recurring units (6), (7) and (8), respectively, wherein the 
ratio of ne/(n+ns) is in the range of 98/2 to 5/95: 

(6) 
O O 

| | 
R-i- cut-o-()--o C-O-O 

(7) 
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4 
-continued 

(8) 

wherein 
-Si-O- constitutes a cyclic or linear chain; 
R is an alkyl group containing 1 to 10 carbon atoms, an 

alkoxy group containing 1 to 10 carbon atoms, or a 
phenyl group; 

Q is a straight-chain alkylene group having 1 to 12 CH 
groups, wherein isolated, non adjacent CH2-groups 
may be replaced by one or more oxygen atoms, or a 
cyclohexane group, which may be Substituted with a 
C-C alkyl group, or C-C alkoxy group at the 
4-position; 

R is a hydrocarbon group containing 3 to 30 carbon 
atoms, a 4-(cholesteryloxycarbonylphenyl)oxyalkene 
group, or a group of the formula: 

(CH2). (O), Ar. (L3), Ars- (4) (Ar-Rs 
R is a hydrocarbon group containing 3 to 30 carbon 

atoms, or a group of the formula: 

(CH2)-(O), Ar 
(Aro)-3-Rs: 

ki, k and ks are independently integers 2 to 10; 
ka, ko, m2, m3, p.s. p4, ps, ps, q2, and qs are indepen 

dently integers of 0 or 1; 
Art, Ars, Arc, Arz, Ars, and Aro, are independently a 

1,4-phenylene-, 1,4-cyclohexylene-, pyridine-2,5- 
diyl-, or pyrimidine-2,5-diyl group; 

La, L., Ls, and L are independently -CH2-O-, 
O-CH-, -COO-, -OCO-, CH-CH-, 
CH=N-, -N=CH-, -N=N-, -N (O) 

=N- or -N=(O)-; 
Rs and R are independently a hydrogen atom, a 

halogen atom, a cyano group, or a linear or cyclic 
alkyl group in which one or more non adjacent 
methylene (CH) groups can be replaced by oxygen 
atOmS. 

The present invention moreover provides a mesogenic 
compound of the formula: 

(Ls)ps Ars- (L6) 

(9) 

O 

wherein 
k7 is an integer of 0 to 8; and 
Q is a Straight-chain alkylene group having 5 to 12 CH 

groups, wherein isolated, non adjacent CH groups may 
be replaced by one or more oxygen atoms or a cyclo 
hexane group which may be Substituted with a C-C, 
alkyl group or C-C alkoxy group at the 4-position. 

DETAILED DESCRIPTION OF THE 
INVENTION 

AS a result of intensive Studies, the present inventors have 
found that an optically anisotropic film, which is obtained by 
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mixing a liquid crystal compound with a polymer and has 
Specific physical properties (hereinafter the polymer may be 
referred to as the “matrix polymer” or simply as the 
"matrix), can attain the above object and that Such an 
optically anisotropic film gives a liquid crystal display 
apparatus having an excellent black and white level even in 
a low temperature range, and have completed the present 
invention. In the present invention, the liquid crystal com 
pound or a mixture of liquid crystal compounds is Selected 
in Such a way that its glass transition temperature is lower 
than the temperature range required for the temperature 
dependence of the optical retardation of the optically aniso 
tropic film and it is additionally Selected in Such a way that 
its clearing point allows to adjust the temperature depen 
dence of the retardation of the film to the corresponding 
temperature dependence of the liquid crystal display cell. 

The present inventors also found that 4-(2-propenyloxy) 
benzoic acid 4-(propoxycarbonyl)phenylester and the 
homologous 4-(butoxycarbonyl)phenylester, and espe 
cially the higher derivatives from pentyloxy- to dodecyloxy 
carbonyl derivatives (often having liquid crystalline prop 
erties of their own in contrast to the known esters according 
to Chien et al., as demonstrated in Example 9 mentioned 
below), added to Suitable siloxanes, lead to compounds with 
very low glass transition temperature, low clearing points 
and undisturbed nematic phases. Using polysiloxanes with 
Shorter chain lengths and Side groups with longer alkyl 
groups as ester component than known from the prior art 
results in liquid crystalline polymers which fulfil the require 
ments of the present invention much better. These materials 
exhibit lower Viscosity and a glass transition temperature 
below 10° C. which is essential to control the retardation of 
the optically anisotropic films at room temperature. 
Moreover, it was Surprisingly found that the disclosed higher 
4-(2-propenyloxy)benzoic acid 4-(alkoxycarbonyl)phenyl 
esters are especially well Suited to obtain a broad tempera 
ture range of the liquid crystalline phase, if they are com 
bined in a copolymer with other Side groups characterized 
by a high isotropic transition temperature, e.g. 4-(2- 
prope nyloxy)benzoyloxy-4-(4'-methoxybenzoyl) 
phenylester. By adjusting the number ratio of appropriate 
Side-chain groups, the glass transition and the isotropic 
transition can be adjusted to the Specified values. 

Preferable bodiments of the present invention are as 
follows. 
1 A transparent or semi-transparent optically anisotropic 
film obtained from a mixture comprising at least a poly 
mer and a liquid crystal compound, wherein retardation of 
said optically anisotropic film at 80 C. measured from a 
normal direction is 20% to 97% of retardation at 30° C., 
and an absolute value of a variation in retardation by Said 
liquid crystal compound is not greater than 6% when Said 
optically anisotropic film is held at 30° C. for 200 hours, 
Said retardation being measured at a wavelength of 546 

. 

2 A transparent or semi-transparent optically anisotropic 
film obtained from a mixture comprising a polymer and a 
liquid crystal compound, wherein retardation of Said 
optically anisotropic film at 60° C. measured from a 
normal direction is 20% to 99% of retardation at 30° C., 
and an absolute value of a variation in retardation by Said 
liquid crystal compound is not greater than 6% when Said 
optically anisotropic film is held at 30° C. for 200 hours, 
Said retardation being measured at a wavelength of 546 

. 

3) A transparent or semi-transparent optically anisotropic 
film obtained from a mixture comprising a polymer and a 

1O 
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6 
liquid crystal compound, wherein retardation of Said 
optically anisotropic film at 0°C. measured from a normal 
direction is 101% to 150% of retardation at 30° C., and an 
absolute value of a variation in retardation by Said liquid 
crystal compound is not greater than 6% when Said 
optically anisotropic film is held at 30% C for 200 hours, 
Said retardation being measured at a wavelength of 546 

. 

4) An optically anisotropic film in accordance with any one 
of 1 through 3 mentioned above, wherein said liquid 
crystal compound comprises a liquid crystal copolymer 
comprising recurring units of the formulae (1), (2) and 
(3), with the numbers n, n, and n of the recurring units 
(1), (2) and (3), respectively, wherein the ratio of n to 
(n2+n) is in a range of 98/2 to 20/80 per molecule on 
average, and a ratio of n to n is in a range of 100/0 to 
20/80 per molecule on average: 

(1) 

a - (CH3); (O), Art (L.) Art (L2), (Ar) R. 

(2) 

R A R. 

(3) 

R A-R 

wherein A in the formulae (1), (2) and (3) is a group of the 
formulae (4) or (5), 

(4) 

t 

(5) 
O 

--c-o- 
CH 

R is an alkyl group having 1 to 6 carbon atoms, or an 
alkoxy group having 1 to 6 carbon atoms, when A is the 
formula (5); 

R is an alkyl group having 1 to 10 carbon atoms, an 
alkoxy group having 1 to 10 carbon atoms, or a phenyl 
group, when A is the formula (4); R is a hydrocarbon 
group having 3 to 30 carbon atoms, a 
4-(cholesteryloxycarbonylphenyl)-oxyalkene group, or 
a group of the formula: 

(CH2), (O), Ara (L3)ps Ars- (L4)p. 
(Ar) --Rs: 

R is a hydrocarbon group having 3 to 30 carbon atoms, 
or a group of the formula: 



US 6,294,231 B1 
7 

(Ls)ps Ars- (L6) (CH2)4-CO), Ar 
(Aro) -- Ro: 

K1, K and Ks are independently integers of 2 to 10; 
k2, k4, ko, Ill1, Ill2, Ills, P1, P2, P3, P4, P5, Po, C1, C2 and 

q are independently Zero or 1; 
Ari, Ar2, Ars, Art, Ars, Ars, Arz, Ars, and Aro C 

independently a 1,4-phenylene group, 1,4- 
cyclohexylene group, a pyridine-2,5-diyl group, or a 
pyrimidine-2,5-diyl group; 

L1, L2, La, L., Ls and L6 are independently a divalent 
group Such as -CH2-O-, -O-CH2-, 
COO-, O CO-, CH-CH -, 
CH=N-, -N=CH-, -N=N-, -N (O) 

=N- or -N=N(O)-; and R, Rs and R are 
independently a hydrogen atom, a halogen atom, a 
cyano group, a Straight-chain or cyclic alkyl group 
wherein isolated -CH2-group(s) may be Substi 
tuted with oxygen atom(s). 

5A method for manufacturing an optically anisotropic film 
in accordance with any one of 1 trough 4 mentioned 
above, Said method comprising the Steps of molding a 
mixture of Said polymer and Said liquid crystal compound 
into a film; and Stretching Said film upon heating. 

6. A liquid crystal display apparatus using an optically 
anisotropic film in accordance with any one of 1 through 
4 mentioned above. 

7. A liquid crystalline copolymer comprising recurring 
units of the formulae (6), (7) and (8) with the numbers n, 
n, and ns of the recurring units (6), (7) and (8), 
respectively, wherein the ratio of ne/(n,+ns) is in the range 
of 98/2 to 5/95; 

(6) 
O O 

| | 
R-i- cut-o-()--o C-O-O 

O 

(7) 

-- 
(8) 

-- 
O 

wherein the group -Si-O- may linear or cyclic; R is 
an alkyl group having 1 to 10 carbon atoms, an alkoxy 
group having 1 to 10 carbon atoms, or a phenyl group; 
Q is an alkylene group having 1 to 12 CH groups 
wherein each isolated CH group may be substituted 
with an oxygen atom, or a cyclohexane group which 
may be Substituted with an alkyl group having 1 to 3 
carbon atoms or an alkoxy group having 1 to 3 carbon 
atoms at the 4-position; R is a hydrocarbon group 
having 3 to 30 carbon atoms, a 4-(cholestenyl 
oxycarbonylphenyl)oxyalkene group, or a group of the 
formula: 

(CH2). (O), Ar (L3), Ars- (4) 
(Aro)--Rs: 
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8 
R is a hydrocarbon group having 3 to 30 carbon atoms, 

or a group of the formula: 

(CH)-(O), Ar (Ls)ps Ars- (L6) 
(Aro) - Ro: 

ki, k and ks are independently integers of 2 to 10; k, 
ko, m2, m3, p.3, p.4, ps, ps, q2 and qa are independently 
Zero or 1, 

Art, Ars, Ars, Arz, Ars, and Aro are independently a 
1,4-phenylene group, a 1,4-cyclohexylene group, a 
pyrridine-2,5-diyl group, or a pyrimidine-2,5-diyl 
group, La, La, Ls, and L6 are independently 

Rs and R are independently a halogen atom, a cyan 
group or a Straight-chain or cyclic alkyl group 
wherein each isolated CH2 group may be Substituted 
with an oxygen atom. 

8) A mesogenic compound of the formula: 

(9) 

O 
I 

wherein k, is an integer of 0 to 8; and Q is an alkylene 
group having 5 to 12 CH2 groups wherein each isolated 
CH group may be Substituted with an oxygen atom, or 
a cyclohexane group which may be Substituted with an 
alkyl group having 1 to 3 carbon atoms or an alkoxy 
group having 1 to 3 carbon atoms at the 4-position. 

The temperature dependence of retardation of the opti 
cally anisotropic film according to the present invention can 
be optimally Selected, in response to the temperature depen 
dence of the retardation And of a liquid crystal display cell 
used in combination. Namely the retardation of the optically 
anisotropic film is decreased with an increase in the tem 
perature of the liquid crystal display cell, and is increased 
with a decrease in the temperature of the liquid crystal 
display cell. 
AS for the temperature dependence of retardation in the 

optically anisotropic film 1 of the present invention, the 
retardation at 80° C. is 20% to 97% of the retardation at 30 
C., preferably 60% to 95%, more preferably 70% to 93% 
(wherein retardation is measured at a wavelength of 546 
nm). 

In the optically anisotropic film 1, it is preferable that 
the retardation of the film at 60° C. measured from the 
normal direction is 20% to 99% of the retardation at 30% C 
(wherein retardation is measured at a wavelength of 546 
nm). 

It is also preferable that the retardation of the optically 
anisotropic film at 0°C. measured from the normal direction 
is 101% to 150% of the retardation at 30° C. (wherein 
retardation is measured at the wavelength of 546 nm). 
AS for the temperature dependence of the retardation in 

the optically anisotropic film 2 of the present invention, the 
retardation at 60° C. is 20% to 99% of the retardation at 30 
C., preferably 60% to 98%, more preferably 70% to 97%. 

In the optical anisotropic film 2, it is preferable that the 
retardation of the film at 0° C. measured from the direction 
of its normal is 101% to 150% of retardation at 30° C. 
(wherein retardation is measured at a wavelength of 546 
nm). 
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AS for the temperature dependence of the retardation in 
the optically anisotropic film 3 of the present invention, the 
retardation at 0°C. is 101% to 150% of retardation at 30° C. 

The optically anisotropic films 1, 2 and 3 of the 
present invention are characterized by absolute values of a 
variation in retardation by the liquid crystal compound that 
is not greater than 6% when the optically anisotropic film is 
held at 30° C. for 200 hours (wherein retardation is mea 
sured at a wavelength of 546 nm). 

Available techniques for regulating the temperature 
dependence of retardation in the optically anisotropic film 
include a method of mixing liquid crystal compounds having 
different isotropic phase transition temperatures, a method 
of varying the mixing ratio of the liquid crystal compound 
to the matrix, a method of using a matrix polymer having a 
different intrinsic birefringence, and a method of varying the 
Stretching conditions to control the retardation of the matrix. 

The retardation Rat (T) of the optically anisotropic film 
of the present invention at a predetermined temperature T is 
expressed at the Sum of the retardation R. (T) by the liquid 
crystal compound and the retardation R. (T) by the 
polymer as shown by the equation (A) given below: 

Rain (T)=RC(T)+Rene (T) (A) 

Upon condition that the optically anisotropic film is 
heated to temperatures that are at least 10 C. higher than the 
liquid crystal phase-isotropic phase transition temperature 
(Tl) as measured by a differential Scanning calorimeter 
(DSC) and that the retardation R. (Ti-10°C.) by the liquid 
crystal compound is equal to Zero, the retardation Rai, 
(Ti-10° C.) of the optically anisotropic film is regarded as 
the retardation R. (Ti+10° C) by the polymer. 

The retardation by the liquid crystal compound while the 
optically anisotropic film is kept at a predetermined tem 
perature T is thus calculated by Subtracting the retardation 
by the polymer R. (Ti+10° C) from the measured 
retardation R. (T) of the optically anisotropic film. 

In the present invention, the variation in retardation by the 
liquid crystal compound when the optically anisotropic film 
is held at 30° C. for 200 hours is calculated according to the 
equation (B) given below, wherein R (30° C.: 0 hour) 
represents retardation by the liquid crystal compound cal 
culated as above after the optically anisotropic film is heated 
for two hours at temperatures of at least 10 C. higher than 
the liquid crystal phase-isotropic phase transition tempera 
ture of the liquid crystal compound, and R (30° C.: 200 
hours) measured and calculated when 200 hours have 
elapsed from the heating: 

Variation in Retardation={R (30 C.: 200hours)-R (30 C.: 
Ohour)/R-(30 C.: 0 hours) (B) 

In the optically anisotropic film of the present invention, 
the absolute value of the variation inretardation by the liquid 
crystal compound when the optically anisotropic film is held 
at 30° C. is not greater than 6%. 

In the optically anisotropic film of the present invention, 
the retardation caused by a liquid crystal display cell, 
especially a STN-type liquid crystal display cell or an 
ECB-type liquid crystal display cell, is mainly compensated 
by the liquid crystal compound included in the matrix. It is 
accordingly preferable that the liquid crystal compound has 
properties, Such as the refractive indeX and the temperature 
dependence of the refractive indeX anisotropy, Similar to 
those of the liquid crystal usaed in the liquid crystal display 
cell, especially the liquid crystal used in the STN-type liquid 
crystal display cell (hereinafter may be referred to as the 
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STN liquid crystal) or the liquid crystal used in the ECB 
type liquid crystal display cell. 
The value of retardation of the optically anisotropic film 

of the present invention measured from the direction of the 
normal to the film (wavelength of measurement: 546 nm) is 
preferably 50 nm to 2000 nm, more preferably 100 nm to 
1500 nm. 

It is preferable that the liquid crystal compound of the 
present invention is a Side-chain liquid crystal copolymer 
comprising the recurring units defined by the formulae (1), 
(2) and (3). The optically anisotropic film of the present 
invention may be produced by using a mixture of two or 
more side-chain liquid crystal copolymers, or may further 
include at least one different kind of Side-chain liquid crystal 
copolymer, a liquid crystal polymer, a nematic liquid crystal 
copolymer, a liquid crystal homo oligomer, and a low 
molecular weight liquid crystal material, other than the Said 
Side-chain liquid crystal copolymer. 
AS a Skeleton of Said liquid crystal copolymer comprising 

the recurring units (1), (2) and (3) (hereinafter may be 
referred to simply as the “liquid crystal copolymer), there 
can be used the group represented by the formula (4) in 
either a linear or a cyclic form. The liquid crystal copolymer 
is preferably in the nematic phase or in the Smectic phase 
Since the nematic liquid crystal and the Smectic liquid crystal 
are readily oriented in a Specific direction. AS the group 
providing the liquid crystal property (hereinafter may be 
referred to as the “mesogen group”), there can generally be 
used that bound to the main chain via a flexible chain 
(hereinafter may be referred to as the “spacer”). 
The liquid crystal copolymer used in the present invention 

has the ratio of n/(n+n) in a range of 98/2 to 20/80 per 
molecule on average, and the ratio of n2 to na is in a range 
of 100/0 to 20/80 per molecule on average, where n, n and 
n independently represent a number of recurring units (1), 
a number of recurring units (2) and a number of recurring 
units (3) respectively, per molecule of the liquid crystal 
copolymer. The liquid crystal copolymer, which is used for 
preparation of the optically anisotropic film, is preferably in 
the nematic phase or in the Smectic phase in an expected 
temperature range, that is, in the range of -30° C. to 120° C. 
The liquid crystal copolymer Satisfying Such a tempera 

ture range may be used alone, or otherwise one or a plurality 
of liquid crystal compounds may be mixed with the liquid 
crystal copolymer to keep the temperature in the above 
range. 

The recurring units (1), (2) and (3) of Said liquid crystal 
copolymers include the following chemical Structures: 

(1) 

a - (CH3); (O), Ari (L.) Art (L2), (Ar), R. 
(2) 

R A R. 

(3) 

R A-R 
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wherein in Said formulae (1), (2) and (3), A is a group of 
the formulae (4) or (5): 

(4) 

l 

(5) 
O 

-C-C-O- 

CH 

In the formula (4), -Si-O-constituting the main chain 
of the formulae (1), (2) and (3) maybe cyclic or linear. 

In the formula (5), -C-CH - constitutes a main chain 
in the formulae (1), (2) and (3), and -COO-group is 
bound to (CH)k group in the formula (1), and to R group 
in the formula (2), and to R group in the formula (3). 

In the formulae (1), (2) and (3), when A is expressed by 
the formula (5), R is an alkyl group containing 1 to 6 carbon 
atoms including methyl, ethyl, propyl, butyl, pentyl, and 
hexyl, or alkoxy group containing 1 to 6 carbon atoms 
including methoxy, ethoxy, propyloxy, butoxy, pentyloxy, 
and hexyloxy. 

In the formulae (1), (2) and (3), when A is the formula (4), 
R is an alkyl group containing 1 to 10 carbon atoms 
including methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, 
octyl, nonyl and decyl, an alkoxy group containing 1 to 10 
carbon atoms including methoxy, ethoxy, propyloxy, butoxy, 
pentyloxy, hexyloxy, heptyloxy, octyloxy, nonyloxy and 
decyloxy, or a phenyl group. 

In the formula (2), R is a hydrocarbon group containing 
3 to 30 carbon atoms including methyl, ethyl, propyl, butyl, 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, 
te trade cyl, he X a de cyl and eico Sa nyl, a 
4-(cholesteryloxycarbonylphenyl)oxyalkene group prefer 
ably 4-(cholesteryloxycarbonylphenyl)oxy(1,3-propylen) or 
(cholesteryloxycarbonylphenyl)oxy(1,4-butylen), 

wherein W is 3 or 4, or a group of the formula: 

(CH2). (O), Ara (L3)ps Ars- (L4)p. 
(Aro)--Rs: 

In the formula (3), R is a hydrocarbon group containing 
3 to 30 carbon atoms including methyl, ethyl, propyl, butyl, 
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12 
pentyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, 
tetradecyl, hexadecyl and eicosanyl, or a group of the 
formula: 

(CH2). (O)-Ary (Ls), Ars- (L6) 
(Ar-Ra: 

In the above-mentioned formulae including the formulae 
(1), (2) and (3), k, k and ks are independently an integer 
of 2 to 10; 
k2 ka ko, m1, m2, m3, p.1, p.2, p.3, p.4 ps, ps, q1, q2, and 93 

are independently Zero or 1 (wherein 0 means a direct 
bonding to the adjacent groups); 

Ari, Arz, Ars, Art, Ars, Ars, Arz, Ars, and Aro, are 
independently a 1,4-phenylene group, a 1,4- 
cyclohexylene group, a pyridine-2,5-diyl group, or a 
pyrimidine-2,5-diyl group; 

L1, L2, La, L., Ls, and L6 are independently -CH2 
O-, -O-CH-, -COO-, -OCO-, -CH 
CH-, -CH=N-, -N=CH-, -N=N-, 
N(O)=N- or -N=N (O)-; and 

Re, Rs. and Rs are independently a hydrogen atom, a 
halogen atom, a cyano group, or a linear or cyclic alkyl 
group in which each isolated methylene (CH) group 
can be replaced by an oxygen atom. 

In order to obtain Special material properties, for example, 
to influence the phase Separation of the liquid crystalline 
copolymer in the polymer matrix of the present invention, 
any additional Side groups can be introduced into the 
copolymer unless the liquid crystalline phase is not Spoiled 
by these additional Side groups. Preferred examples of 
possible Side groups include any combination of any one of 
alkyl groups, alkoxy groups or mesogenic side groups 
conventionally used in this art. 
The molecular weight or the degree of polymerization of 

the Side-chain liquid crystal copolymers is an important 
factor to determine the State of dispersion. The Smaller 
molecular weight causes no phase Separation, whereas the 
higher molecular weight results in a greater diameter of the 
liquid crystal domains under the condition of phase 
Separation, which enhances the light Scattering and is thus 
unpractical. The number-average molecular weight of the 
liquid crystal copolymers preferably used in the present 
invention, calculated as that of polystyrene, preferably falls 
in a range of 1,200-10,000, and the mean degree of poly 
merization of the liquid crystal copolymer used in the 
present invention is preferably 3 to 30, more preferably 5 to 
2O. 

The liquid crystal copolymer usable in the present inven 
tion comprises recurring units of the formulae (6), (7) and 
(8) with the numbers n, n, and ns, of the recurring units (6), 
(7) and (8), respectively, per molecule of Said liquid crys 
talline copolymer, wherein the ratio of ne/(n,+ns) is in the 
range of 98/2 to 5/95: 
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(6) 

O O 

R-i- cur-o-()--o C-O-O 

(7) 

R-i- 

(8) 

R-i- 

wherein 

-Si-O- constitutes a cyclic or linear chain; 
R is an alkyl group containing 1 to 10 carbon atoms 

including methyl, ethyl, propyl, butyl, pentyl, hexyl, 
heptyl, octyl, nonyl and decyl, an alkoxy group con 
taining 1 to 10 carbon atoms including methoxy, 
ethoxy, propyloxy, butoxy, pentyloxy, hexyloxy, 
heptyloxy, octyloxy, nonyloxy and decyloxy, or a phe 
nyl group; 

Q is a Straight-chain alkylene group having 1 to 12 
CH groups, wherein each isolated, non adjacent 
CH group may be replaced by an oxygen atom, or a 
cyclohexane group which may be Substituted with a 
C-C alkyl group, e.g. a methyl group, an ethyl group, 
or a n-propyl group, or a C-C alkoxy group, e.g. a 
methoxy group, ethoxy group or n-propoxy group at 
the 4-position; 

R is a hydrocarbon group containing 3 to 30 carbon 
atoms including methyl, ethyl, propyl, butyl, pentyl, 
hexyl, heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl, 
hexadecyl and eicosanyl, 

or a 4-(cholesteryloxycarbonylphenyl)oxyalkene group; 
preferably 4-(cholesteryloxycarbonylphenyl)oxy(1,3- 
pro, pylen) or (cholesteryloxycarbonylphenyl)oxy(1,4- 
butylen), 

wherein w is 3 or 4, 
or a group of the formula; 

(CH2), (O), Ara (L3)ps Ars- (L4)p. 
(Aro)--Rs: 
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R is a hydrocarbon group containing 3 to 30 carbon 

atoms including methyl, ethyl, propyl, butyl, pentyl, 
hexyl, heptyl, octyl, nonyl, decyl, dodecyl, tetradecyl, 
hexadecyl and eicosanyl, 

or a group of the formula: 

(CH2). (O), Air (Ls)ps Ars- (L6) (Aro), 
Ro: 

K., k, and ks are independently integers of 2 to 10, 
ka, ko, m2, m3, p.3, p.4, ps, ps, q2, and qs are indepen 

dently 0 or 1; 
Art, Ars, Arc, Ar-7, Ars, and Aro, are independently a 

1,4- phenylene group, a 1,4-cyclohexylene group, a 
pyridine-2,5-diyl group, or a pyrimidine-2,5-diyl 
grOup, 

La, L., Ls, and L are independently -CH2-O-, 
O-CH2-, -COO-, -OCO-, -CH 

N(O)=N- or -N=N (O)–: 
Rs, and R are independently a hydrogen atom, a 

halogen atom, a cyano group or a linear or cyclic 
alkyl group in which each isolated methylene (CH2) 
group can be replaced by an oxygen atom. 

In the present invention, it is also possible to use the 
mesogenic compound of the formula: 

(9) 

O 
I 

wherein 

k7 is an integer of 0 to 8; and 
Q is an alkylene group of Straight chains of at least 5 to 

12 CH2 groups, wherein each isolated, non adjacent 
CH2 group may be replaced by an oxygen atom or a 
cyclohexane group, which may be Substituted with a 
C-C alkyl group, e.g. a methyl group, a ethyl group, 
or a n-propyl group, or a C-C alkoxy group, e.g., a 
methoxy group, ethoxy group or n-propoxy group at 
the 4-position. 

The method of Synthesizing the liquid crystalline copoly 
mer is not particularly restricted, for instance the methods 
disclosed in U.S. Pat. Nos. 4,410,570, 4,358,391 and 5,211, 
877 are applicable. One available method is to add a 

Side-chain mesogen group and a hydrocarbon group to a 
polysiloxane chain. The addition of the mesogen group and 
the hydrocarbon group to the polysiloxane chain can be 
exemplified by making a compound of the same Structure as 
the side-chain mesogen group of the repeated base unit (1) 
including an ()-alkenyloxy group, which has an unsaturated 
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double bond at a terminal of alkyleneoxy group functioning 
as a Spacer, and reacting this compound with an O-olefin of 
the same Structure as the Side-chain group of the repeated 
base unit (2) including an unsaturated double bond at a 
terminal of hydrocarbon group, and a poly(methyl 
hydrosiloxane) in the presence of a platinum catalyst. 

The hydrosilylation reaction mentioned below are all 
performed in the presence of a catalyst. AS the catalyst, there 
can be used transition metals of the platinum group and/or 
compounds thereof (named hereinafter as platinum 
catalysts), e.g. platinum, palladium, rhodium, iridium and 
compounds thereof, which are capable to induce the newly 
invented Syntheses. It is possible to use all the catalysts 
which are able to catalyze the addition of hydrogen directly 
bound to Silicon atoms to unsaturated aliphatic compounds. 
Examples of these types of catalysts are metallic platinum 
finely dispersed on a carrier material Such as Silicon dioxide, 
aluminum oxide or activated charcoal, compounds or com 
plexes of platinum, Such as platinum halides, for example, 
PtCl, HPtCl-6 HO, Na-PtCl4 HO, platinum-olefin 
complexes, platinum-alcohol complexes, platinum 
alcoholate complexes, platinum-ether complexes, platinum 
aldehyde complexes, and platinum-ketone complexes. In 
addition, reaction products from HPtCl6 HO and 
cyclohexanone, platinum-Vinylsiloxane complexes, espe 
cially platinum-divinyl tetramethyl disiloxane complexes 
with or without a trace amount of inorganically bound 
halogen, bis(gamma-picoline)platinum dichloride, trimeth 
ylene dipyridine platinum dichloride, dicyclopentadienyl 
platinumdichloride, dimethyl Sulfoxide ethylen platinum 
(II)-dichloride, as well as reaction products of platinum 
tetrachloride with olefins and primary amines or a Secondary 
amine or a mixture of a primary and a Secondary amine, as 
ell as the reaction product of platinum hexachloride dis 
Solved in 1-octene with Sec-butylamine, and platinum 
ammonia complexes (disclosed in EP-B 110370, U.S. Pat. 
No. 4,546,164) can be used. 

The platinum catalyst as in each case on metallic platinum 
or the platinum compound can be preferably used in an 
amount of 0.05 to 0.50 mmol per molar of the corresponding 
Siloxane derivative, which is used as one of the reaction 
components in a Stoichiometric amount or leSS and which 
bears at least one hydrogen atom directly bound to a Silicon 
atOm. 

The reaction is preferably carried out at a temperature of 
from O C. to 110° C., preferably under a pressure of from 
0.05 Mpa to 1.0 Mpa. 

The reaction is preferably carried out in a Solvent, which 
should in particular be aprotic, Solvents or Solvent mixtures 
having a boiling point or boiling range of up to 160 C., in 
particular up to 120° C., in each case at about 0.1 Mpa, are 
preferred. Examples of the Solvents are esterS Such as methyl 
acetate, ethyl acetate, n- and iso-propyl acetate, n-, Sec.- and 
t.-butyl acetate, ethyl formate and diethyl carbonate; ethers 
Such as dioxane, tetrahydrofuran, diethyl ether, di-n-propyl 
ether, diisopropyl ether, di-n-butyl ether, ethylene glycol 
monoethyl ether, diethylene glycol dimethyl ether and ani 
Sole; chlorinated hydrocarbon Such as dichloromethane, 
trichloromethane, tetrachloromethane, 1,2-dichloroethane, 
trichloroethane, tetrachloroethylene and chlorobenzene, 
hydrocarbons Such as pentane, n-hexane, hexane isomer 
mixtures, cyclohexane, heptane, octane, ligroin, petroleum 
ether, benzene, toluene and Xylenes, ketones Such as 
acetone, methyl ethyl ketone and methyl isobutyl ketone; 
carbon duSulfide, pyridine, acetonitrile and nitrobenzene, or 
a mixture thereof. 
The term Solvent does not mean that the reaction com 

ponents must be Soluble therein. The reaction can also be 
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carried out in a Suspension or emulsion of one or more 
reactants. The reaction can be carried out in a Solvent 
mixture with a miscibility gap, in which case at least one 
rectant is Soluble in each of the mixing phases. 
The proportions of the repeating units or recurring units of 

the formulae (1) to (3) included in one molecule of the liquid 
crystal copolymer of the present invention can be controlled 
by varying the charging ratio of reaction materials corre 
sponding to the repeating units of the formulae (1) to (3) and 
thereby regulating the bonding ratio of the groups corre 
sponding to the recurring units (1), (2) and (3). 
The liquid crystal copolymer thus obtained is preferably 

in a liquid crystal phase, more preferably in a nematic phase 
or a Smectic phase, because of its excellent optical anisot 
ropy. 

In the present invention, low molecular-weight liquid 
crystals that can be used together with the Side-chain liquid 
crystal copolymers are those of the formula (10) given 
below. 

R7Aro-L7-Ar--(Ls)-(Ar12)--B 
wherein 

R7 is an alkyl group having 1 to 6 carbon atoms or an 
alkoxy group having 1 to 6 carbon atoms, 

Aro, Ari and Ara are independently a 1,4-phenylene 
group, a 1,4-cyclohexylene group, a pyridine-2,5-diyl 
group or a pyrimidine-2,5-diyl group; 

L7 and Ls are independently -COO-, -OCO-, 
NCH-, -CHN-, -CH-CH-, -CH-O-, 

-O-CH-, -N=N-, a single bond (synonymous 
with direct bond of Aro and Ar or Ari and Ara), 
-N(O)=N-or-N=N (O)-; 

ks, p7 and q are independently an integer of 0 or 1; and 
B is a hydrogen atom, a cyano group, a halogen atom, 
a C- alkyl or alkoxy group, an acrylate group or a 
methacrylate group. 

The liquid crystal homo oligomers or polymers that can 
be used together with the Side-chain liquid crystal copoly 
mer of the present invention include Side-chain liquid crystal 
homo oligomers or polymers and main-chain liquid crystal 
homo oligomers or polymers. The Side-chain liquid crystal 
homo oligomers or polymers are, however, preferable since 
the control of the molecular weight is easy and inexpensive. 
The Side-chain liquid crystal homo oligomers or polymers 

are expressed by oligomers or polymers which only com 
prise recurring units of the formula (1), only comprise 
recurring units of the formula (2) or only comprise recurring 
units of the formula (6). 
The mixing ratio of the Side-chain liquid crystal copoly 

mers of the present invention to the other liquid crystals is 
not particularly restricted but may be appropriately Selected 
to attain a desired temperature range or temperature depen 
dence of retardation or Viscosity of the mixture. 

In the present invention, the ratio of the liquid crystal 
compound to the total weight of the liquid crystal compound 
and the polymer is preferably 0.5% to 50% by weight, more 
preferably 1% to 30% by weight, and most preferably 1% to 
20% by weight. The ratio of less than 0.5% by weight results 
in almost no appearance of retardation by the liquid crystal 
compound and thereby lowers the temperature dependence 
of retardation. The ratio of greater than 50% by weight, on 
the other hand, makes the mechanical Stability of the result 
ing film undesirably small. The ratio of the liquid crystal 
compound to the polymer is appropriately Selected from the 
above range, in order to attain the desired mechanical 
Stability of a resulting film and temperature dependence of 
retardation. 

(10) 
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In the optically anisotropic film of the present invention, 
it is preferable that the liquid crystal compound is phase 
Separated from the polymer matrix and forms a domain. 

The orientation of the liquid crystal compound can be 
controlled by the shape of the domain. For example, when 
the domain is a spheroidal body in shape, the liquid crystal 
copolymer and/or liquid crystal is uniaxially oriented. In the 
case of an ellipse having three axes of different lengths, the 
liquid crystal is biaxially oriented. The shape of the domain 
can effectively be controlled by a Stretching proceSS men 
tioned below. 

The upper limit of the domain diameter is restricted by 
light Scattering, whereas the lower limit of the domain 
diameter is restricted by the orientation of the liquid crystal. 
The diameter of the domain can be defined by the length of 
the main axis of the domain. The mean length of the main 
axis of the domain is preferably 20 nm to 600 nm, more 
preferably 30 nm to 400 nm. 

The mean length of the main axis of the domain is 
determined by observing the optically anisotropic film with 
a transmission electron microscope (hereinafter referred to 
as “TEM”), directly measuring the diameters of the respec 
tive particles, and calculating the number-average particle 
diameter. 
Now, the matrix polymers used for the optically aniSo 

tropic films in the first and second embodiments of the 
present invention are explained. 

The polymers used as the matrix in the present invention 
are preferably those which show no change of optical 
properties or shape at the working temperature or at the 
temperature laminating to the LCD cell process. Preferred 
examples of Such polymers are thermoplastic engineering 
polymers having a relatively high glass transition 
temperature, and plasticizer loaded polymers having a com 
paratively high flow temperature. 

Regarding the glass transition temperature or Softening 
temperature of the matrix polymer, its lower limit is decided 
So that no change of optical properties or no deformation 
such as shrinkage of the film will be occur within the 
working temperature range of the liquid crystal displayS. 
The upper limit is decided in view of the fact that since the 
polymer when molded into a film needs to be stretched under 
heating, too high glass transition temperature is undesirable 
in industrial production. The preferred range of glass tran 
Sition temperature or Softening temperature of the matrix is 
80° C. to 250° C., more preferably 90° C. to 200° C. 

Examples of the polymers which Satisfy these conditions 
for use in the present invention include polycarbonates, 
polysulfones, polyarylates, polyetherSulfones, cellulose 
diacetate, cellulose, triacetate, polyethylene terephthalate 
and polyethylene naphthalate. Of these polymers, 
polycarbonates, polyarylates, poly Sulfones, cellulose triac 
etate and polyethylene terephthalate are preferred. 

In the present invention, the polymers which cause only 
limited birefringence in the optically anisotropic film can 
also be preferably used as the matrix polymer. Generally, the 
birefringence An by the polymer orientation is given by the 
following equation: 

An=Anof (C) 

wherein 

Ano is interinsic birefringence of the polymer and 
f is an orientational order parameter. 
For reducing the birefringence of the polymer, there can 

be employed, for instance, a method using a polymer with 
Small intrinsic birefringence, a method in which a polymer 
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with positive intrinsic birefringence and a polymer with 
negative intrinsic birefringence are mixed to reduce apparent 
intrinsic birefringence, and a method in which the orienta 
tional order parameter is lessened. 
An additive or additives may be contained in the matrix 

polymer for the purpose of affording mechanical Strength to 
the polymer or for improving adhesiveness to the LCD panel 
when the produced film is bonded thereto. The type and 
amount of Such additive (S) may be properly decided within 
limits nor damaging the objhect of the present invention. 
A process for producing the optically anisotropic film of 

the present invention is described below. 
Mixing of at least one liquid crystal compound and a 

polymer is preferably carried out in a State of Solution in 
View of homogeneity of mixing. Typically, a liquid crystal 
compound is Suspended or dissolved in a Solvent and then a 
polymer is Suspended or dissolved in the Solution. It is 
preferable to use a Solvent having a high Solubility. 

Various methods are available for forming a film from the 
mixture of liquid crystal compound and matrix polymer. For 
example, there can be used a Solvent casting methyod in 
which the liquid crystal compound and matrix polymer are 
dissolved in a Solvent and cast; an extrusion molding method 
in which Said both materials are mixed in a Solid State and 
extruded from a die to form a film; a calender roll method 
in which the materials are mixed in a Solid State and calender 
rolled into a film, a press molding method using a press for 
forming a film. The casting method is preferred because of 
excellent film thickneSS precision. The film thickneSS is not 
Specifically limited, but it is preferable in a range of 20 um 
to 300 um, more preferably 70 um to 120 tum. 

Uniaxial Stretching of the film under heating can be 
accomplished by tentering, Stretching between rolls, roll 
compression Stretching or other means. Tentering or Stretch 
ing between rolls is preferred for uniformity of the film 
surface. The method of heating of the film in the stretching 
operation is not Subject to any specific restrictions. The 
heating temperature is properly Selected in consideration of 
the transition temperatures of the matrix polymer and liquid 
crystal used, the temperature dependence of the retardation 
of the optically anisotropic film and other factors, but 
preferably higher than the working temperature of the liquid 
display device, specifically 90° C. or above. As for the film 
Stretch factor, a too low Stretch further results in an unsat 
isfactory alignment of the liquid crystal while a too high 
Stretch factor leads to a poor productivity, So that it is 
preferably in a range of 1.01-8 times, more preferably 1.1-6 
times. The Stretching Speed and cooling Speed may be 
properly decided. The film is preferably heat treated before 
and/or after Stretching, more preferably heat treated after 
Stretching. The heat treatment temperature, heat treatment 
time and heat treatment method are not Subject to any 
Specific restrictions. 
The optically anisotropic films according to the present 

invention may be provided with a conventional transparent 
hard coat or gas barrier layer on one or both sides of the film 
for the purposes of Surface protection and improvement of 
adhesion by an adhesive. 
The liquid crystal display devices provided according to 

the present invention comprise a liquid crystal display cell, 
at least one optically anisotropic film and at least one 
polarizing film according to a conventional arrangement. In 
the case of an STN type liquid crystal display device for 
instance, the liquid crystal display cell may be one which is 
composed of low-molecular weight liquid crystals having 
twisted nematic alignment with a twist angle of 180° C. to 
360° C. and which is held between the substrates having 
transparent electrodes. 
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In the liquid crystal display devices according to the 
present invention, the location and the number of the opti 
cally anisotropic films to be used are not particularly limited; 
said film(s) may be provided an any desired location as far 
as it is positioned between the polarizing film and the liquid 
crystal display cell. AS for the alignment angles of the 
absorption axis of the polarizer or the rubbing direction of 
the liquid crystal display cell, the alignment angle of the 
Stretching axis of the optically anisotropic film is Selected to 
provide an optimal contrast or viewing angle characteristics 
of the liquid crystal device. 

The present invention is further illustrated by way of the 
following Examples, but not restricted to these Examples. In 
the Examples, the glass transition temperature, the retarda 
tion and the temperature dependence of retardation were 
measured as follows. 

The glass transition temperature (Tg) of the liquid crystal 
copolymer and the transition temperature (Tl) of the liquid 
crystal phase to the isotropic phase were measured with a 
differential scanning calorimeter (DSC). A linear differential 
peak of an endothermic curve at the time of an increase in 
temperature was regarded as Tg, while an endothermic peak 
by the liquid crystal phase-isotropic phase transition was 
regarded as Ti. 

The retardation of the resulting optically anisotropic film 
was measured with a polarizing microScope 
(OPTIPHOTO2-POL manufactured by NIKON CORP) 
according to the Sénarmont method. The wavelength of the 
light for measurement was 546 mm. 

The temperature dependence of retardation was deter 
mined by measuring the retardation while cooling the result 
ing optically anisotropic film with a hot Stage connected to 
a cooling unit (trade name: FP82 hot stage manufactured by 
Mettler Corp.). 

EXAMPLE 1. 

4-(2-Propenyloxy)benbzoic acid (4'-methoxyphenyl)ester 
in an amount of 44.9 g (a compound disclosed in U.S. Pat. 
No. 4,399,435) was dissolved in 400 ml of toluene. After 
distilling off 10% of the solvent, 15.0 g of a linear polym 
ethylsiloxane (average molecular weight 901 g/mol, avail 
able from Wacker Chemie GmbH, Minchen, Germany) and 
Subsequently 400 ul of a 1% solution of a platinum catalyst 
in methylene chloride were added to the toluene Solution at 
75 C. The reaction mixture was heated to 100° C. and 
Stirred for 90 minutes at the same temperature. After cooling 
the mixture to 75 C., 4.0 g of 1-hexene and additional 50 
All of the platinum catalyst Solution were added. The reaction 
mixture was stirred for another 1 hour at 100 C., Subse 
quently cooled to room temperature and then filtered. The 
desired product precipitated out of the reaction mixture after 
the addition of n-pentane. A liquid crystal copolymer 1 in an 
amount of 46.2 g was obtained after evaporation of the 
remaining Solvent under reduced pressure. The liquid crystal 
compound had an average molecular weight of 5140 (Mn), 
a molecular weight distribution of 1.35 (MW/Mn) and con 
tained 1.3% of monomers. Its phase transition temperatures 
measured by differential Scanning calorimetry were Tg=13 
C. and T-45 C. 
The liquid crystal copolymer 1 and a polycarbonate (trade 

name: Panlite C1400 manufactured by TEIJIN LTD.) were 
mixed at a weight ratio of 6 to 94, and the mixture was then 
dissolved in methylene chloride to have the solid concen 
tration of 20% by weight. The resulting solution was cast on 
a glass plate with an application of 500 um in gap to yield 
a film. 
The resulting cast film was stretched at 175 C. 1.5 times 

in order to obtain an optically anisotropic film. Retardations 
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of the optically anisotropic film at 80, 60, 30, and 0°C. were 
respectively 347,347, 473, and 527 nm, and the retardations 
at 80, 60, and 0°C. were 74, 74, and 11.1% of the retardation 
at 30° C. 
The retardation by the liquid crystal measured immedi 

ately after the two-hours heat treatment of the optically 
anisotropic film at 85°C. was 119 nm. The retardation by the 
liquid crystal measured 200 hours after the heat treatment 
was 116 nm, which corresponds to a 2.6% variation from the 
retardation immediately afer the heat treatment. 
The resulting optically anisotropic film is mounted on an 

STN liquid crystal display apparatus to enable black and 
white display in a temperature range of 0 to 40 C. 

EXAMPLE 2 

A liquid crystal represented by the formula (11) given 
below and the liquid crystal copolymer 1 obtained in 
Example 1 were mixed at a weight ratio of 1 to 1. The phase 
transition temperature of the mixture was measured with the 
DSC. An endothermic peak corresponding to the transition 
temperature of the liquid crystal phase to the isotropic phase 
of the mixture was observed at 89 C. 

The liquid crystal copolymer 1, the liquid crystal of the 
formula (11), and PC were mixed at a weight ratio of 5 to 5 
to 90, and the mixture was then dissolved in methylene 
chloride to have the Solid concentration of 20% by weight. 
The resulting Solution was cast on a glass plate to yield a 
film. 
The resulting cast film was stretched at 160° C. 1.5 times 

in order to obtain an optically anisotropic film. Retardations 
of the optically anisotropic film at 80, 60, and 30° C. were 
respectively 387, 493, and 554 nm, and th retardations at 80 
C. and 60° C. were 70% and 89% of the retardation at 30 
C. 

The retardation by the liquid crystal measured immedi 
ately after the two-hours heat treatment of the optically 
anisotropic film at 100° C. was 155 nm. The retardation by 
the liquid crystal measured 200 hours after the heat treat 
ment was 162 nm, which corresponds to a 4.9% variation 
from the retardation immediately after the heat treatment. 
The resulting optically anisotropic film is mounted on an 

STN liquid crystal display apparatus to enable black and 
white display in a temperature range of 30° C. to 80 C. 

EXAMPLE 3 

A liquid crystal mixture E9 (manufactured by BDH 
CORP) and the liquid crystal copolymer 1 specified in 
Example 1 were mixed at a weight ratio of 1 to 1. 
The liquid crystal copolymer 1, E9, and PC were mixed 

at a weight ratio of 7:7:86, and the mixture was then 
dissolved in methylene chloride to have the Solid concen 
tration of 20% by weight. The resulting solution was cast on 
a glass plate to yield a film. 
The resulting cast film was stretched at 150° C. 1.5 times 

in order to obtain an optically anisotropic film. Retardations 
of the optically anisotropic film at 80, 60, 30, and 0°C. were 
respectively 196,239, 484, and 541 nm, and the retardations 
at 80, 60, and 0° C. were 40, 49, and 112% of the retardation 
at 30° C. 

(11) 
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The retardation by the liquid crystal measured immedi 
ately after the two-hours heat treatment of the optically 
anisotropic film at 100° C. was 275 nm. The retardation by 
the liquid crystal measured 200 hours after the heat treat 
ment was 281 nm, which corresponds to a 2.1% variation 
from the retardation immediately after the heat treatment. 

The resulting optically anisotropic film is mounted on an 
STN liquid crystal display apparatus to enable black and 
white display in a temperature range of O C. to 80 C. 

Comparative Example 1 

117 g of 4-(2-prope nyloxy)benzoic acid (4'- 
methoxypyhenyl)ester was dissolved in 960 ml of toluene. 
After distilling off 10% of the solvent, 30.0 g of a linear 
polymethylsiloxane with an average molecular weight of 
1004 g/mol (available from Wacker Chemie GmbH, 
Minchen, Germany) and subsequently 1.7 g of a 1% solu 
tion of a platinum catalyst in methylene chloride were added 
to this solution at 70° C. The reaction mixture was stirred for 
two hours at 90° C. After cooling down to room temperature, 
the mixture was filtered. The desired product precipitated 
out of the reaction mixture after the addition of n-pentane. 
21.2 g of a liquid crystal to polymer 2 were obtained after 
evaporation of the remaining Solvent under reduced pres 
Sure. The liquid crystal copolymerS had an average molecu 
lar weight of 5200 (Mn), a molecular weight distribution of 
1.38 (MW/Mn) and contained 1.0% of monomer. Its phase 
transition temperatures measured by differential Scanning 
calorimetry were Tg=23° C. and Ti=71° C. 

The liquid crystal copolymer 2 and the polycarbonate 
(trade name: Panlite C1400 manufactured by TEIJIN LTD.) 
were mixed at a weight ratio of 7 to 93, and the mixture was 
then dissolved in methylene chloride to have the solid 
concentration of 20% by weight. The resulting solution was 
cast on a glass plate with an application of 500 um in gap to 
yield a film. 

The resulting cast film was stretched at 175 C. 1.5 times 
in order to obtain an optically anisotropic film. The retar 
dation of the optically anisotropic film was 498 nm at 30° C. 

The retardation of the optically anisotropic film was 314 
nm at 80 C., which corresponds to 63% of the retardation 
at 30° C. 

The retardation by the liquid crystal measured immedi 
ately after the two-hour heat treatment of the optically 
anisotropic film at 85°C. was 160 nm. The retardation by the 
liquid crystal measured 200 hours after the heat treatment 
was 181 nm, which corresponds to a 13% variation from the 
retardation immediately after the heat treatment. 

EXAMPLE 4 

31.5 g 4-(2-prope nyloxy)benzoyloxy-4-(4'- 
methoxybenzoyl)phenylester, 27.7 g 4-(2-propenyloxy) 
benzoic acid 4-(butoxycarbonyl)phenylester (Syntehsised 
according to G.-P. Chang Chien, J.-F. Kuo, C.-Y, Chen in J. 
Polym. Sci. A, 1993, 31, 2432-2436) and 12.2 g of a linear 
polymethylsiloxane with an average molecular weight of 
738 g/mol were dissolved in 400 ml of dry toluene. After 
heating the solution to 75 C., 1.53 g of a 1% solution of a 
platinum catalyst in methylene chloride was added. 
Subsequently, the reaction mixture was heated to 100° C. 
and Stirred for 3 hours at this temperature. After cooling to 
room temperature, the Solution was poured into n-pentane 
and the precipitated product was filtered off. After the 
remaining Solvent was evaporated under reduced pressure, 
49.1 g of a liquid crystal copolymer 3 was obtained. The 
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material had an average molecular weight of 5200 (Mn), a 
molecular weight distribution of 1.32 (Mw/Mn), and a 
monomer content of 4.5%. Its phase transition temperatures 
measured by differential Scanning calorimetry were Tg=16 
C. and T-135 C. 
The liquid crystal copolymer 3 and a polycarbonate 

(C1400) were mixed at a weight ratio of 7 to 93, and the 
mixture was then dissolved in methylene chloride to have 
the solid concentration of 20% by wedight. The resulting 
Solution was cast on a glass plate with an applicator of 680 
tim in gap to yield a film of 100 um thick after drying. 
The resulting cast film was stretched at 175 C. 1.5 times 

in length to obtain an optically anisotropic film. Retardations 
of this film at 120, 80, 60 and 30° C. were respectively 275, 
394, 429 and 460 nm, and the retardations at 120, 80 and 60 
C. were 60, 86, and 93% of the retardation measured at 30 
C. 
The retardation by the liquid crystal at 30° C. measured 

immediately after the two-hours heat treatment of the 
optically anisotropic film at 85 C. was 240 nm. The 
retardation by the liquid crystal at 30° C. measured 200 
hours after the heat treatment was 235 nm, which corre 
sponds to a 2% variation from the retardation immediately 
after the heat treatment. 

EXAMPLE 5 

25.2 g of 4-(2-prope nyloxy)benzoyloxy-4-(4'- 
methoxybenzoyl)phenylester, 22.1 g 4-(2-propenyloxy) 
benzoic acid 4-(butoxycarbonyl)phenylester, 2.63 g of 
1-hexene and 12.2 g of a linear polymethylsiloxane with an 
average molecular weight of 738 g/mol (available from 
Wacker Chemic GmbH, Minchen, (Germany) were dis 
solved in 400 ml of dry toluene. The reaction mixture was 
heated to 75 C. and 1.53 g of a 1% Solution of a platinum 
catalyst in methylene chloride was added. Subsequently, the 
mixture was heated to 100° C. and stirred for 3 hours at this 
temperature. After cooling to room temperature, the mixture 
was filtered and the clear Solution was poured into 
n-pentane. The precipitated product was filtered off and 
dried in vacuo. 30.3 g of a liquid crystal copolymer 4 was 
obtained. Its average molecular weight was 5000 (Mn) with 
a molecular weight distribution of 1.33 (MW/Mn) and a 
monomer content of 3%. Its phase transition temperatures 
measured by differential Scanning calorimetry were Tg=11 
C. and T-108 C. 
The liquid crystal copolymer 4 and a polycarbonate 

(C1400) were mixed at a weight ratio of 7 to 93, and the 
mixture was then dissolved in methylene chloride to have 
the solid concentration of 20% by weight. The resulting 
Solution was cast on a glass plate with an applicator of 680 
tunm in gap to yield a film of 100 um thick after drying. 
The resulting cast film was stretched at 175 C. 1.5 times 

in length to obtain an optically anisotropic film. Retardations 
of this film at 120, 80, 60 and 30° C. were respectively 549, 
801, 868 and 931 nm, and the retardations at 120, 80 and 60 
C. were 59, 86, and 93% of the retardation measured at 30 
C. 

The retardation by the liquid crystal at 30° C. measured 
immediately after the two-hours heat treatment of the 
optically anisotropic film at 85 C. was 380 nm. The 
retardation by the liquid crystal at 30° C. measured 200 
hours after the heat treatment was 269 nm, which corre 
sponds to a 3% variation from the retardation immediately 
after the heat treatment. 

EXAMILE 6 

15.8 g of 4-(2-prope nyloxy)benzoyloxy-4-(4'- 
methoxybenzoyl)phenylester, 41.5 g 4-(2-propenyloxy) 
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benzoic acid 4-(butoxycarbonyl)phenylester and 12.2 g of 
a linear polymethylsiloxane with an average molecular 
weight of 738 g/mol were dissolved in 400 ml of dry toluene. 
The solution was heated to 75 C. and 1.53 g of a 1% 
Solution of a platinum catalyst in methylene chloride was 
added. Subsequently, the reaction mixture was heated to 
100° C. and stirred for 3 hours at this temperature. After 
cooling to room temperature, the Solution was poured into 
n-pentane and the precipitated product was filtered off. After 
the remaining Solvent traces were evaporated under reduced 
preSSure, 49.1 g of the liquid crystal copolymer 5 was 
obtained. The material had an average molecular weight of 
5300 (Mn), a molecular weight distribution of 1.30 (Mw/ 
Mn) and a monomer content of 3%. Its phase transition 
temperatures measured by differential Scanning calorimetry 
were Tg=6° C. and Ti=68 C. 

The liquid crystal copolymer 5 and a polycarbonate 
(C1400) were mixed at a weight ratio of 7 to 93, and the 
mixture was then dissolved in methylene chloride to have 
the solid concentration of 20% by weight. The resulting 
Solution was cast on a glass plate with an applicator of 680 
tim in gap to yield a film of 100 um thick after drying. 
The resulting cast film was stretched at 175 C. 1.5 times 

in length to obtain an optically anisotropic film. Retardations 
of this film at 80, 60, 30 and 20° C. were respectively 385, 
539, 741 and 765 nm, and the retardations at 80, 60 and 20 
C. were 52, 79, and 103% of the retardation measured at 30 
C 

The retardation by the liquid crystal at 30° C. measured 
immediately after the two-hours heat treatment of the 
optically anisotropic film at 85 C. was 376 mm. The 
retardation by the liquid crystal at 30° C. measured 200 
hours after the heat treatment was 380 nm, which corre 
sponds to a 1% variation from the retardation immediately 
after the heat treatment. 

EXAMPLE 7 

18.9 g of 4-(2-prope nyloxy)benzoyloxy-4-(4'- 
methoxybenzoyl)phenylester, 38.7 g 4-(2-propenyloxy) 
bebnzoic acid 4-(butoxycarbonyl)phenylester and 12.2 g 
of linear polymethylsiloxane with an average molecular 
weight of 738 g/mol were dissolved in 400 ml of dry toluene. 
The solution was heated to 75 C. and 1.53 g of a 1% 
Solution of a platinum catalyst in methylene chloride was 
added. Subsequently, the reaction mixture was heated to 
100° C. and stirred for 3 hours at this temperature. After 
cooling to room temperature, the Solution was poured into 
n-pentane and the precipitated product was filtered off. After 
the remaining Solvent was evaporated under reduced 
preSSure, 49.7 g of the liquid crystal copolymer 6 was 
obtained. The material had an average molecular weight of 
5300 (Mn), a molecular weight distribution of 1.30 (Mw/ 
Mn) and a monomer content of 3%. Its phase transition 
temperatures measured by differential Scanning calorimetry 
were Tg=7° C. and Ti=83° C. 

The liquid crystalline copolymer 6 and a polycarbonate 
(C1400) were mixed at a weight ratio of 7 to 93, and the 
mixture was then dissolved in methylene chloride to have 
the solid concentration of 20% by weight. The resulting 
Solution was cast on a glass plate with an applicator of 680 
tim in gap to yield a film of 100 um thick after drying. 
The resulting cast film was stretched at 175 C. 1.5 times 

in length to obtain an optically anisotropic film. Retardations 
of this film at 100, 80, 60, 30 and 20° C. were respectively 
482, 580, 805, 900 and 918 nm, and the retardation at 100, 
80, 60 and 20° C. were 53, 64, 89, and 102% of the 
retardation measured at 30° C. 
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The retardation by the liquid crystal at 30° C. measured 

immediately after the two-hours heat treatment of the 
optically anisotropic film at 85 C. was 436 nm. The 
retardation by the liquid crystal at 30° C. measured 200 
hours after the heat treatment was 437 nm, which corre 
sponds to less than 1% variation from the retardation imme 
diately after the heat treatment. 

EXAMPLE 8 

4.45 g 4-(2-prope nyloxy)benzoyloxy-4-(4'- 
methoxybenzoyl)phenylester, 9.10 g 4-(2-propenyloxy)- 
benzoic acid 4-(butoxycarbonyl)phenylester and 3.06 g a 
linear polymethylsiloxane with an average molecular weight 
of 608 g/mol (available from Wacker Chemie GmbH, M 
linchen Germany) were dissolved in 80 ml of dry toluene. 
The solution was heated to 75 C. and 0.15 g of a 1% 
Solution of a platinum catalyst in methylene chloride was 
added. Subsequently, the reaction mixture was heated to 
100° C. and stirred for 3 hours at this temperature. After 
cooling to room temperature, the Solution was poured into 
n-pentane and the precipitated product was filtered off. After 
the remaining Solvent was evaporated under reduced 
preSSure, 7.75 g of the liquid crystal copolymer 7 was 
obtained. The material had an agverage molecular weight of 
4500 (Mn), a molecular weight distribution of 1.25 (Mw/ 
Mn) and a monomer content of 1%. Its phase transition 
temperatures measured by differential Scanning calorimetry 
were Tg=7° C. and Ti=74° C. 
The liquid crystal copolymer 7 and a polycarbonate 

(C1400) were mixed at a weight ratio of 7 to 93, and the 
mixture was then dissolved in methylene chloride to have 
the solid concentration of 20% by weight. The resulting 
Solution was cast on a glass plate with an applicator of 680 
tim in gap to yield a film of 100 um thick after drying. 
The resulting cast film was stretched at 175 C. 1.5 times 

in length to obtain an optically anisotropic film. Retardations 
of this film at 80, 60, 30 and 20° C. were respectively 232, 
450, 557 and 578 nm, and the retardations at 80, 60, and 20 
C. were 42, 81, and 104% of the retardation measured at 30 
C 

The retardation by the liquid crystal at 30° C. measured 
immediately after the two-hours heat treatment of the 
optically anisotropic film at 85 C. was 330 nm. The 
retardation by the liquid crystal at 30° C. measured 200 
hours after the heat treatment was 331 nm, which corre 
sponds to less than 1% variation from the retardation imme 
diately after the heat treatment. 

EXAMPLE 9 

100 g (0.42 mol) of the heptyl ester of 4-hydroxynenzoic 
acid (available from Avocado, GB-LA32XY Heysham) was 
dissolved in 300 ml of toluene. After the addition of 83.2 g 
(0.42 mol, one equivalent) 4-propenyloxy benzoic acid 
chloride, the reaction mixture was heated to 60° C. under 
stirring. A solution of 48.7 g (0.48 mol) of triethylamine 
dissolved in 70 ml of toluene was added within 45 minutes 
to the reaction mixture. Subsequently, the latter was Stirred 
for additional 3 hours at 90° C. After cooling to room 
temperaure, the precipitated triethylamine hydrochloride 
complex was filtered off. The filtered solution was washed 
thoroughly first with water, then twice with dilute hydro 
chloric acid (2 N). After the solution was dried over sodium 
Sulphate, the Solvent was partly removed. The crude product 
was recrystallized from isopropanol, leading to 147 g (yield: 
88%) of a colorless, crystalline material, melting point (m.p.) 
41-45 C. The compound showed a nematic phase when 
cooled between 41 and 33 C. 
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In the same manner, the following homologous esters 
were prepared: 

(2-propenyloxy)benzoic acid 4-(propyloxy-carbonyl) 
phenyl)ester with the following phase transitions: melting 
point 65–70 C., showed a nematic phase when cooled 
between 48 and 45 C., 

(2-propenyloxy)benzoic acid 4-(pentyloxycarbonyl) 
phenylester, m.p. 39-57 C., 

(2-propenyloxy)benzoic acid 4-(hexyloxycarbonyl) 
phenylester, m.p. 50–54 C., 

(2-propenyloxy)benzoic acid 4-(octyloxycarbonyl) 
phenylester, m.p. 42-49 C., 

(2-propenyloxy)benzoic acid 4-(dodecyloxycarbonyl) 
phenylester, m.p. 58-65 C. 

EXAMPLE 10 

3.54 g of 4-(2-prope nyloxy)benzoyloxy-4-(4'- 
methoxybenzoyl)phenylester. 10.4 g 4-(2-propenyloxy) 
benbzoic acid 4-(heptoxycarbonyl)phenylester and 2.7 g a 
linear polymethylsiloxane with an average molecular weight 
of 786 g/mol were dissolved in 80 ml of dry toluene. The 
reaction mixture was heated to 75 C., and 0.15g of a 1% 
Solution of a platinum catalyst in methylene chloride was 
added. Subsequently, the mixture was heated to 100° C. and 
Stirred for 3 hours at this temperature. After cooling to room 
temperature, the mixture was filtered and the clear Solution 
was poured into n-pentane. The precipitated product was 
filtered off and dried in vacuo. 8.2 g of a liquid crystal 
copolymerS 8 was obtained. Its average molecular weight 
was 6300 (Mn) with a molecular weight distribution of 1.29 
(MW/Mn) and a monomer content of 3%. Its phase transition 
temperatures measured by differential scanning calorimetry 
were Tg=-1° C. and Ti-62 C. 

The liquid crystal copolymer 8 and a polycarbonate 
(C1400) were mixed at a weight ratio of 7 to 93, and the 
mixture was then dissolved in methylene chloride to have 
the solid concentration of 20% by weight. The resulting 
Solution was cast on a glass plate with an applicator of 680 
tim in gap to yield a film of 100 um thick after drying. 
The resulting cast film was stretched at 175 C. 1.5 times 

in length to obtain an optically anisotropic film. Retardations 
of this film at 80, 60, 30 and -10°C. were respectively 529, 
545,978 and 1083 nm, and the retardations at 80, 60 and 
-10° C. were 54, 56, and 11.1% of the retardation measured 
at 30° C. 

The retardation by the liquid crystal at 30° C. measured 
immediately after the two-hours heat treatment of the 
optically anisotropic film at 85 C. was 450 nm. The retar 
dation by the liquid crystal at 30° C. measured 200 hours 
after the heat treatment was 451 nm, which corresponds to 
less than 1% variation from the retardation immediately 
after the heat treatment. 

EXAMPLE 11 

4.33 g of 4-(2-prope nyloxy)benzoyloxy-4-(4'- 
methoxybenzoyl)phenylester, 10.1 g, 4-(2-propenyloxy) 
benzoic acid 4- (octyloxycarbonyl)phenylester and 2.7 g of 
a linear polymethylsiloxane with an average molecular 
weight of 786 g/mol were dissolved in 80 ml of dry toluene. 
The reaction mixture was heated to 75 C., and 0.15g of a 
1% Solution of a platinum catalyst in methylene chloride 
was added. Subsequently, the mixture was heated to 100° C. 
and Stirred for 3 hours at this temperature. After cooling to 
room temperature, the mixture was filtered and the clear 
Solution was poured into n-pentane. The precipitated prod 
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uct was filtered off and dried in vacuo. 7.9 g of a liquid 
crystal copolymer 9 was obtained. Its average molecular 
weight was 6550 (Mn) with a molecular weight distribution 
of 1.27 (MW/Mn) and a monomer content of 3.8%. Its phase 
transition temperatures measured by differential Scanning 
calorimetry were Tg=2° C. and Ti=80° C. 
The liquid crystal copolymer 9 and a polycarbonate 

(C1400) were mixed at a weight ratio of 7 to 93, and the 
mixture was then dissolved in methylene chloride to have 
the solid concentration of 20% by weight. The resulting 
Solution was cast on a glass plate with an applicator of 680 
tim in gap to yield a film of 100 um thick after drying. 
The resulting cast film was stretched at 175 C. 1.5 times 

in length to obtain an optically anisotropic film. 
Retardations of this film at 80, 60, 30 and 20° C. were 

respectively 391, 747, 893 and 906 nm, and the retardations 
at 80, 60 and 20° C. were 44.84, and 101% of the retardation 
measured at 30° C. 
The retardation by the liquid crystal at 30° C. measured 

immediately after the two-hours heat treatment of the 
optically anisotropic film at 85 C. was 520 nm. The 
retardation by the liquid crystal at 30° C. measured 200 
hours after the heat treatment was 521 nm, which corre 
sponds to less than 1% variation from the retardation imme 
diately after the heat treatment. 

EXAMPLE 12 

36.0 g 4-(2-prope nyloxy)bebnzoic acid (4'- 
methoxyphenyl)ester (a compound disclosed in U.S. Pat. 
No. 4,399,435), 17.3 g of cholest-5-en-3-ol(3B)-, 4-(2- 
propenyloxy)bebnzoate (EP 0358208, U.S. Pat. No. 5,211, 
877), 1.48g of 1-hexene and 2.7 g of a linear polymethyl 
Siloxane with an average molecular weight of 738 g/mol 
were dissolved in 400 ml of dry toluene. The solution was 
placed in a reaction vessel and warmed up to 75-80 C. The 
reaction mixture was heated to 75 C., and 1.53 g of a 1% 
Solution of a platinum catalyst in methylene chloride was 
added. Subsequently, the mixture was heated to 100° C. and 
Stirred for 3 hours at this temperature. After cooling to room 
temperature, the mixture was filtered and the clear Solution 
was poured into n-pentane. The precipitated product was 
filtered off and dried in vacuo. 18.7 g of a liquid crystal 
copolymer 10 was obtained. Its average molecular weight 
was 5000 (Mn) with a molecular weight distribution of 1.4 
(MW/Mn) and a monomer content of 3.7%. Its phase tran 
Sition temperatures measured by differential Scanning calo 
rimetry were Tg=19° C. and Ti-87 C. 
The liquid crystal copolymer 10 and a polycarbonate 

(C1400) were mixed at a weight ratio of 7 to 93, and the 
mixture was then dissolved in methylene chloride to have 
the solid concentration of 20% by weight. The resulting 
Solution was cast on a glass plate with an applicator of 680 
tim in gap to yield a film of 100 um thick after drying. 
The resulting cast film was stretched at 175 C. 1.5 times 

in length to obtain an optically anisotropic film. Retardations 
of this film at 100, 80, 60, and 30° C. were respectively 548, 
638, 683 and 696 nm, and the retardations are 100, 80 and 
60° C. were 79,92, and 98% of the retardation measured at 
30° C. 
The retardation by the liquid crystal at 30° C. measured 

immediately after the two-hours heat treatment of the 
optically anisotropic film at 85 C. was 150 min. The 
retardation by the liquid crystal at 30° C. measured 200 
hours after the heat treatment was 149 nm, which corre 
sponds to less than 1% variation from the retardation imme 
diately after the heat treatment. 
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EXAMPLE 13 

The liquid crystalline precursors described in Example 8 
and a linear polymethylsiloxane having different average 
molecular weight were used. A liquid crystal copolymer 11 
was obtained. Its average molecular weight was 3800 (Mn) 
with a molecular weight distribution of 1.25 (MW/Mn) and 
a monomer content of 6.6%. Its phase transition tempera 
tures measured by DSC were Tg=0° C. and Ti=56° C. 

The liquid crystal copolymer 11, the liquid crystal mate 
rial represented by the formula (11) used in Example 2 and 
a polycarbonate (C1400) were mixed at a weight ratio of 
6:1:93, and the mixture was then dissolved in methylene 
chloride to have the solid concentration of 20% by weight. 
The resulting solution was cast on a PET foil. 

The resulting cast film was stretched at 175 C. 1.5 times 
in length to obtain an optically anisotropic film. The 
stretched film was heat treated at 110° C. for 60 minutes. 
Retardations of this film at 80 and 30° C. were respectively 
345.8 and 402.8 nm, and the retardation at 80° C. was 85.8% 
of the retardation measured at 30° C. 

The retardation by the liquid crystal at 30° C. measured 
immediately after the heat treatment of the optically aniso 
tropic film was 57.0 nm. The retardation by the liquid crystal 
at 30° C. measured 200 hours after the heat treatment was 
58.9 nm, which corresponds to 3.3% variation from the 
retardation immediately after the heat treatment. 

EXAMPLE 1.4 

An optically anisotropic film was obtained in the same 
preparation method as described in Example 13. The opti 
cally anisotropic film was heat treated at 120° C. for 20 
minutes. Retardations of this film at 80 and 30° C. were 
respectively 309.7 and 366.4 nm, and the retardation at 80 
C. was 84.5% of the retardation measured at 30° C. 
The retardation by the liquid crystal at 30° C. measured 

immediately after the heat treatment of the optically aniso 
tropic film was 56.7 nm. The retardation by the liquid crystal 
at 30° C. measured 200 hours after the heat treatment was 
59.8 nm, which corresponds to 5.5% variation from the 
retardation immediately after the heat treatment. 
AS optically anisotropic film was obtained in the same 

manner as mentioned above. The optically anisotropic film 
was heat treated at 120° C. for 20 minutes. Retardation of 
this film at 80° C. and 30° C. were respectively 274.2 and 
320.6 nm, and the retardation at 80° C. was 85.5% of the 
retardation measured at 30° C. The retardation by the liquid 
crystal at 30° C. measured immediately after the heat 
treatment of the optical anisotropic film was 46.4 nm. The 
retardation by the liquid crystal at 30° C. measured 200 
hours after a heat treatment at 100° C. was 48.8 nm, which 
corresponds to 5.1% variation from the retardation imme 
diately after the former heat treatment. 
AS mentioned above, the optically anisotropic film of the 

present invention kepts the temperature dependence that can 
respond to the temperature dependence of retardation of a 
liquid crystal display cell used in combination, and has a 
little variation of the properties with the lapse of time. The 
optically anisotropic film is favorably applied to a liquid 
crystal display apparatus, especially to an STN liquid crystal 
display apparatus or an ECB liquid crystal display appara 
tus. This is industrially advantageous Since the resulting 
liquid crystal display apparatus has excellent display prop 
erties at temperatures lower than room temperature. 
What is claimed is: 
1. A transparent or Semi-transparent optically anisotropic 

film obtained from a mixture comprising at least a polymer 
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and a liquid crystal compound, wherein retardation of Said 
optically anisotropic film at 80 C. measured from a normal 
direction is 20% to 97% of retardation at 30° C., and an 
absolute value of a variation in retardation by Said liquid 
crystal compound is not greater than 6% when Said optically 
anisotropic film is held at 30° C. for 200 hours, said 
retardation being measured at a wavelength of 546 mm. 

2. A transparent or Semi-transparent optically anisotropic 
film obtained from a mixture comprising a polymer and a 
liquid crystal compound, wherein retardation of Said opti 
cally anisotropic film at 60° C. measured from a normal 
direction is 20% to 99% of retardation at 30° C., and an 
absolute value of a variation in retardation by Said liquid 
crystal compound is not greater than 6% when Said optically 
anisotropic film is held at 30° C. for 200 hours, said 
retardation being measured at a wavelength of 546 mm. 

3. A transparent or Semi-transparent optically anisotropic 
film obtained from a mixture comprising a polymer and a 
liquid crystal compound, wherein retardation of Said opti 
cally anisotropic film at 0° C. measured from a normal 
direction is 1.01% to 150% of retardation at 30° C., and an 
absolute value of a variation in retardation by Said liquid 
crystal compound is not greater than 6% when Said optically 
anisotropic film is held at 30° C. to 200 hours, said retar 
dation being measured at a wavelength of 546 nm. 

4. An optically anisotropic film according to claim 1, 
wherein said optically anisotropic film has retardation at 60 
C. measured from the normal direction of 20% to 99% 
compared with the retardation at 30° C., said retardation 
being measured at the wavelength of 546 nm. 

5. An optically anisotropic film according to claim 4, 
wherein said optically anisotropic film has retardation at 0 
C. measured from the normal direction of 101% to 150% 
compared with the retardation at 30° C., said retardation 
being measured at the wavelength of 546 nm. 

6. An optically anisotropic film according to claim 2, 
wherein said optically anisotropic film has retardation at 0 
C. measured from the normal direction of 101% to 150% 
compared with the retardation at 30° C., said retardation 
being measured at the wavelength of 546 mn. 

7. An optically anisotropic film according to claim 1, 
wherein Said liquid crystal compound comprises a liquid 
crystal copolymer comprising recurring units of the formu 
lae (1), (2) and (3) with the numbers n, n, and n of the 
recurring units (1), (2) and (3), respectively, wherein the 
ratio of n to (n+n) is in a range of 98/2 to 20/80 per 
molecule on average, and a ratio of n2 to n is in a range of 
100/0 to 20/80 per molecule on average; 

(1) 

a - (CH3); (O), Ari (L.) Art (L2); (Ar) R. 
(2) 

R A-Rs 

(3) 

R A-R 

wherein A in the formulae (1) (2) and (3) is a group of the 
formulae (4) or (5), 
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(4) 

(5) 
O 

---o- s 
CH2 

-Si-O-in the formula (4) is a cyclic or linear main 
chain of the formulae (1), (2) and (3); 

-C-CH- in the formula (5) is a main chain of the 
formulae (1), (2) and (3), and -COO-group in the 
formula (5) is bonded to (CH)k group of the 
formula (1) and to R group of the formula (2), and 
to R group of the formula (3); 

when A is the formula (5), in the formulae (1), (2) and (3), 
R is an alkyl group containing 1 to 6 carbon atoms or 
an alkoxy group containing 1 to 6 carbon atoms, 

when A is the formula (4) in the formulae (1), (2) and (3), 
R is an alkyl group containing 1 to 10 carbon atoms, 
an alkoxy group containing 1 to 10 carbon atoms, or a 
phenyl group; 

R is a hydrocarbon group containing 3 to 30 carbon 
atoms, a 4-(cholesteryloxycarbonylphenyl)oxyalkene, 
or a group of the formula: 

(CH2), (O), Ara (L3)ps Ars- (L4)p. 
(Ar) --Rs: 

R is a hydrocarbon group containing 3 to 30 carbon 
atoms, or a group of the formula: 

(CH2)4-CO), Ar 
(Aro) – Ro: 

ki, k and ks are independently an integer of 2 to 10; 
k2, kaks, m1, m2, m3, p.1, p.2, p.3, p.4, ps, pg, q1, q2, and 

q are independently 0 or 1; 
Ari, Ara, Ars, Art, Ars, Ars, Arz, Ars, and Aro are 

independently a 1,4-phenylene group, a 1,4- 
cyclohexylene group, a pyridine-2,5-diyl group, or a 
pyrimidine-2,5-diyl group; 

L., L., L. L., Ls, and Le are independently -CH2 
O-, O-CH2-, COO-, OCO-, 
CH-CH-, CH=N-, N=CH-, 
N=M-, -N(O)=N- or -N=N(O)-; 

R2, Rs, and R are independently a hydrogen atom, a 
halogen atom, a cyano group or a linear or cyclic 
alkyl group in which each isolated methylene (CH2) 
group can be replaced by an oxygen atom. 

8. A method of manufacturing an optically anisotropic 
film of any one of claims 1 through 6, Said method com 
prising the Steps of molding a mixture of Said polymer and 
Said liquid crystal compound into a film, and Stretching Said 
film upon heating. 

9. A liquid crystal display apparatus using an optically 
anisotropic film of any one of claims 1 through 6. 

10. A method according to claim 8, wherein the liquid 
crystal compound is that of claim 7. 

11. A liquid crystal display apparatus using an optically 
anisotropic film of claim 7. 

(Ls)ps Ars. { (L6) 
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12. A liquid crystalline copolymer comprising recurring 

units of the formulae (6), (7) and (8) with the numbers n, 
n, and ns of the recurring units (6), (7) and (8), respectively, 
per molecule of Said liquid crystalline copolymer, wherein 
the ratio of the ne/(n+ns) is in the range of 98/2 to 5/95; 

(6) 

O O 

R -- cut-o-()--o C-O-O 

(7) 

R-i- 

(8) 

R-i- 

wherein 

-Si-O- constitutes a cyclic or linear chain; 
R is an alkyl group containing 1 to 10 carbon atoms an 

alkyl group containing 1 to 10 carbon atoms, or a 
phenyl group; 

Q is a Straight-chain alkylene group having 1 to 12 CH 
groups, wherein each isolated, non adjacent CH2 group 
may be replaced by an oxygen atom, or a cyclohexane 
group, which may be Substituted with a C-C alkyl 
group, or a C1-C3 alkoxy group at the 4-position; 

R is a hydrocarbon group containing 3 to 30 carbon 
atoms, a 4-(cholesteryloxycarbonylphenyl)oxyalkene 
group, or a group of the formula: 

(CH2). (O), Air (Ls)ps Ars- (L6) 
(Aro) -- Ro: 

R is a hydrocarbon group containing 3 to 30 carbon 
atoms, or a group of the formula: 

(SH), (O), Ara L3)ps Ars- (L4)p. (Aro), 3k, 

ki, k and ks are independently an integer of 2 to 10 ; 
ka, ko, m2, m3, p.3, p.4, ps, ps, q2, and qs are indepen 

dently an integer of 0 or 1; 
Art, Ars, Arc, Arz, Ars, and Aro are independently a 

1,4-phenylene group, a 1,4-cyclohexylene group, a 
pyridine-2,5-diyl- group, or a pyrimidine-2,5-diyl 
grOup, 

Ls, Li, Ls and L are independently —CH-O-, 
O-CH2-, -COO-, -OCO-, -CH 

CH-, CH=N-, -N=CH-, -N=N-, 
-N(O)=N- or -N=N(O)-; 

Rs and R are independently a hydrogen atom, a 
halogen atom, a cyano group, or a linear or cyclinc 
alkyl group in which each isolated methylene (CH2) 
group can be replaced by an oxygen atom. 

k k k k k 


